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Abstract. We carried out a period analysis on ~3 700 RR Lyrae stars on two Schmidt fields centred on 
(l,b)=(3.1°,— 7.1°) and (6.6°, — 10.8°) respectively, covering an area of ~50 deg 2 . These stars are distributed almost 
evenly between the Sagittarius dwarf galaxy (Sgr) and the Milky Way. For Sgr members, the average periods are 
(Pab) = 0.574 d and (P c ) = 0.322 d for RRab and RRc stars respectively. This places Sgr in the long-period tail 
of the Oosterhoff I group. We report the detection of 53 double-mode RR Lyrae stars (RRd) within our sample. 
The magnitude of 40 of these stars is consistent with membership in Sgr whereas 13 RRds are located within our 
Galaxy. We also found 13 RR Lyraes (5 in Sgr and 8 in the Galaxy) exhibiting two closely spaced frequencies, most 
probably related to non-radial pulsations. The period distribution of the RR Lyrae variables in Sgr is compared to 
those of other Milky Way satellites. We find a remarkable similarity between the RR Lyrae populations in Sgr and 
the Large Magellanic Cloud (LMC), suggesting that these galaxies have similar horizontal branch morphologies. 
This may indicate that Sgr and the LMC started their formation under similar conditions. Using various photo- 
metric indicators, we estimate the metallicity of the RR Lyrae stars in Sgr and find {[Fe/H]) ~ —1.6 dex with a 
dispersion of ~ ±0.5 dex around this value and a minor but significant population at < — 2.0dex. We do not find 
evidence for a spatial metallicity gradient in the RR Lyrae population of Sgr. From the spatial distribution of RR 
Lyraes, we find that the main body of Sgr contains -~4200 RRab stars. Assuming that population gradients are 
negligible in Sgr, we find My(Sgr)~ —13.9^08 ma S f° r the main body. If Sgr has been stripped of 50% of its mass 
through Galactic tides, as assumed by some models, it would imply a total absolute magnitude of ~ — 14.7mag 
for this galaxy. Such a luminosity would be consistent with the empirical metallicity /luminosity relation for dwarf 
spheroidal galaxies. 
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1. Introduction 

Since RR Lyrae stars are low mass helium core-burning 
stars, they are believed to be older than 10 Gyr. The study 
of the period distributions of these variables can there- 
fore provide insights into the original populations of their 
host system. Field and cluster RR Lyraes show a clear 
separation between long period/metal poor and short pe- 
riod/metal rich s tars, known as the Oosterhoff dichotomy 
(Oosterhoff 1939 ). On the other hand, the average period 
of RR Lyrae populations in Dsph galaxies is intermedi- 
ate between the two Oosterhoff groups. It has been shown 
that this intermediate status is not the consequence of a 
superposition of two populations but rather an intrinsic 
property of RR Lyrae popul ations in these systems (e.g. 
Sextans: Mateo et al. 1995, Leo II: Siegel & Majewski 
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Of particular interest among RR Lyrae stars are those 
pulsating simultaneously in the fundamental and first 
overtone mode (RRd) . These stars offer the opportunity to 
constrain their mass and luminosity independent of stellar 
evolu tion theory (e.g. Bono et al. 1996 , Kovacs & Walker 
1999). The exact status of these variables is still under 
debate. The intermediate position of RRd stars in the in- 
stability strip between RRc (pulsating in the first over- 
tone mode) and RRab stars (pulsating in the fundamen- 
tal mode) suggests that these stars are in the process of 
mode switching. This scenario seems however excluded by 
theoretical calculations (Cox, King & Hodson 1980) which 
yield a much too short duration for this transition state 
10 3-4 years) to account for the high fraction of RRd 
variables observed in some systems (e.g. IC4499, M68). It 
seems however that these stars are evolving rapidly (i.e. 
the changes are observable during a human life-time) , and 
some period and amplitude changes have already been ob- 



served (Purdue et al. 1995, Clement et al. 1997, Paparo et 
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al. |1998|, Benko & Jurcsik |2000D 



The first RRd star discovered was AQ Leo ( Jerzykiewicz 
& Wenzel 1977), a field RR Lyrae. After this discov- 
ery, searches were focused on old stellar systems harbor- 
ing RR Lyrae stars and, surprisingly, RRd variables were 
searched successfully in some systems but vainly in oth- 
ers. RRd stars have been found in globular clusters (M15: 
Nemec p985l M3: Nemec & Clement KqM NGC2419 and 



NGC2466: Clement & Nemec 199C, M68: Clement et al 



1993, IC4499: Walker fc Nemec 1996), in Dsph galax- 



ies (Draco: Nemec 1985, Sculptor: Kaluzn y et al. 1995) 
and in the Galactic Halo (Clement et al. 199 1|, Garcia- 



Melendo & Clement [19971 , Clementini et al. gOOOp . On the 
other hand, searches for RRd variables were unsuccess- 
ful in wCen (Neme c et a l. |l986|) , M80, M9 and NG C2298 
(Clement & Walker |l99l|) , Ursa Minor (Nemec et al. [T~ 



and 20 other globular clusters (Clement & Nemec 1990| ) 



The parameter (s) driving the occurrence of RRd pulsators 
in stellar systems is still not clear and more observations 
are needed before any firm conclusion can be drawn. What 
is clear, however, is that the two Oosterhoff groups are well 
separated in a Petersen diagram (a plot of the period ra- 
tio versus the fundamental period - Petersen |1973| ), the 
Ool RRd pulsators having lower periods and period ratios 
than their OoII counterparts. 

Recently, the collection of known RRd stars has been 
substantially increased with the discovery of 181 new RRd 
variables in the Large Magellanic Cloud (Alcock et al. 



1997, Alcock et al. 2000b). These stars revealed a new 



picture because they were spread across the Petersen dia- 
gram, filling the gap between the two Oosterhoff groups. 
Pulsation models show that this distribution may be 
caused by a mass and/or mctallici ty sp read within the 
population of RRd stars (Kovacs 2000 ). Spectroscopic 
measurements on a sample of these stars s eems to confirm 
the mctalli city spread (Clementini et al. 2000 , Bragaglia 
et al. |200l| ). 

The search for multi-periodic RR Lyraes in the MACHO 
data set revealed other surprises. For instance, many RR 
Lyrae periodograms exhibited two closely spaced frequen- 
cies. This frequency pattern, first discovered by Olech et 
al. ( 1999a , 1999b ) in RR Lyrae stars, cannot be explained 
by the superposition of radial pulsations and is there- 
fore believed to be related to non-radial modes. Although 
these kind of stars have been detected in only four differ- 
ent places to date (M55, M5, LMC and Galactic Bulge), 
they seem to be relatively common in their host system. 
Theoretical modellin g of t hese stars have been proposed 
by Van Hoolst et al. ( |1998[ ) and by Dziembowski & Cassisi 
( |l999l ) 

We carried out a period analysis on a sample of ^3 700 
RR Lyrae stars in Sgr and the Galactic Centre. The pa- 
per is structured as follows. Sect. 2 presents the data and 
their reduction. In Sect. 3, we describe the selection pro- 
cesses and present the sample of detected multi-periodic 
RR Lyraes. In Sect. 4, we present the period distributions 
of the RR Lyrae catalogs and compare them with those 
observed in other stellar systems. Sect. 5 is devoted to a 




requency 



Fig. 1. Typical spectral windows for SAG (Upper panel) 
and DUO (lower panel). 



presentation of the period-amplitude diagram of the RR 
Lyrae population in Sgr. In Sect. 6, we use photomet- 
ric indicators to estimate the metallicity of the RR Lyrae 
population. Sect. 7 is devoted to a discussion about the 
spatial homogeneity of the RR Lyrae population and in 
Sect. 8 we estimate the RRab content of Sgr. Finally, we 
summarize our results and conclude in Sect. 9. 



2. Data 

2.1. Observations and reduction 

The data discussed in this paper are based on two sets 
of photographic plates taken with the ESO lm Schmidt 
telescope at La Silla (Chile) between 1994 and 1996. The 
first set of observations consists of a series of 82 Bj pho- 
tographic plates centred on (l,b)=(3.1°,-7.1°) and taken 
between June 11 th 1994 and October 7 th 1994. The lim- 
iting magnitude of these plates reaches Bj ~20.5. A first 
analysis of these data allowed the detection of microlens- 
ing events toward the Galactic bulge as part of the DUO 
project (Alard & Guibert 1997). The second set of data re- 
sults from a series of 68 Kodak Tech-Pan 4415 films com- 
bined with a BG12 filter centred on (l,b)=(6.6°,-10.8°). 
These observations spanned 83 days between May 17 th 
and August 9 th 1996. The exposure times resulted in a 
limiting magnitude of V~20. Together with the first set 
of plates, this series allowed us to reveal the shape of the 
Sagit tarius dwarf galaxy near the Galac tic Plane (Alard 
|l996 ; Cseresnjes, Alard & Guibert 200C, hereafter Paper 
I). For convenience we will refer to the first field as the 
DUO field whereas the second field will be called SAG 
field. Typical spectral windows for SAG and DUO are 
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shown in Fig.[l]. 

The plates were scanned at CAI/Paris Observatory with 
the high-speed microdensitometer MAMAQ The extrac- 
tion of the sources were performed with the software 
Extractor written by Alard (Alard & Guibert |1997| ), The 
final database contains the light curve for -20 IfFstars. 

2.2. Photometry 

The Bj band is well known to astronomers and it suf- 
fices here to recall the photometric relation linking this 
band to the stan dard J ohnson system Bj=B-0.28(B-V) 
(Blair & Gilmore 1982 ). On the other hand, the emul- 
sion used in the second field may not be familiar to the 
reader so we shall say some words about it. The Tech- 
Pan 4415 emulsion is a fine grained, high resolution film 
with a sensitivity extending to 0.69/im. Together with 
a BG12 filter it results in a band peaking at — 0.39/im 
with a width of — 0.15/im at half maximum transmission 
(see Fig.l in Paper I). We refer the interested reader to 

p99|) 



vs2f 103 



Phillipps & Parker (1993[) 
the Kodak Web sitef 
the emulsion 
4415 



Parker & Malin ( |1999| ) and 
for a more thorough description of 
The band resulting from the combination 
-BG12 has been calibrated with a sequence of 1638 
stars located within ou r field and which were published by 
Sarajedini & Layden (|l995|) . This calibration resulted in 
the relation B 44 i 5 =V+1.47(V-I). 

3. Selection processes 

3.1. Single-mode RR Lyraes 

The selection process for RR Lyrae stars is similar to the 
one used in Paper I, except that we adapted the param- 
eters to allow detection of RRc stars. In short, we ex- 
tracted from the data-base the variables with an ampli- 
tude >0.2 mag. (x 2 /Ndof >5) and a minimum of 30 
points in their light curve. These stars were then period 
searched between 0.2 d and 10. d using the multi - harm onic 
periodogram method of Schwarzenberg-Czerny ( 1996| ) and 
we fitted a Fourier series with up to five harmonics to the 
folded light curve. The variables with a well-defined light 

curve (^Jx^/x%t >l-5) wer e then plotted in the R2i/ < I ) 2i 
plane where the RR Lyrae stars could easily be spotted. 
The final sample contains —3 700 RR Lyrae variables al- 
most evenly distributed between Sgr and the Galaxy. 

3.2. Multi-periodic RR Lyraes 
3.2.1. First method 

To search for multi-periodic RR Lyraes, we use the fol- 
lowing procedure. For each lightcurve we search for the 



1 MAMA jhttp: //dsmama.obspm.fr[ ) is operated by INSU 
(Institut National des Sciences de l'Univers) and the 
Observatoire de Paris. 

2 http:/ /www. kodak. com/cluster/global/en/professional/ 
support / techPubs /p255/ p255.shtml 
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Fig. 2. Example of RRd star where the primary period is 
trapped in an alias period. 

dominant period and fit a third order Fourier series to the 
folded lightcurve. The resulting Fourier series is then sub- 
tracted from the time series and the procedure is iterated. 
To characterize the strength of the peak value in the pe- 
riodogram, we follow Alcock et al. ( |2000b ) and calculate 
the statistics: 



ft = 



A, (aw 



(1) 



where A p , (A(v)) and cr^O) are the peak value, average 
value and standard deviation of the periodograms respec- 
tively. Si corresponds to the i th cycle. The procedure is 
iterated as long as Si > 8. 

For all the lightcurves passing at least 2 iterations, we 
calculated the value Xratio—x\lx\i where Xi is the re- 
duced x 2 °f the fit of the Fourier series with the primary 
period and x\ refers to the fit of the double Fourier series 
with the primary and secondary periods. All lightcurves 
for which Proba(x > Xratio) < 50% according to a Fisher- 
Snedecor distribution were selected for visual inspection. 
For all these candidates, we simultaneously checked the 
lightcurves and the periodograms in order to select the 
multi- mode pulsating stars. 

3.2.2. Second method 

It is very likely that we miss many multi-mode variables 
with the above-described procedure. This is due to three 
reasons: (1) the photometric accuracy is limited with our 
photographic material, (2) the superposition of two (or 
more) periods introduces noise in the periodograms, (3) 
the strong aliasing at ±nday _1 (see Fig.|l|). There is not 
much that can be done about these problems, except for 
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Table 1. Double mode RR Lyrae in Sgr. Amplitudes are given in Bj for DUO and B4415 for SAG. 



Ident. QJ2000 gjgooo Bj B4415 A Ai/A P Pi/go Pf Method 1 



vs3f773 


18 


31 


53.88 


-28 


49 


07 


1 




19.1 





16 


2 


33 


0.60371 





7447 


0.00 


yes 


vsl0f77 


18 


53 


24.68 


-29 


43 


46 


2 




19.1 





17 


3 


23 


0.46500 





7432 


0.07 


yes 


vs4f75 


18 


53 


39.03 


-29 


19 


05 


9 




19.0 





29 


1 


83 


0.55012 





7466 


0.06 


yes 


vs2f99 


18 


52 


26.75 


-28 


24 


57 


1 




19.1 





41 


1 


34 


0.47776 





7435 


0.03 


yes 


vs2fl03 


18 


52 


36.04 


-29 


15 


37 


4 




19.3 





46 


1 


15 


0.46073 





7425 


0.06 


no (Al) 


vs7fl61 


18 


50 


44.32 


-29 


41 


52 


1 




19.3 





31 


1 


74 


0.46502 





7426 


0.06 


no (A01) 


vslf242 


18 


48 


31.65 


-29 


00 


15 


1 




19.2 





39 


1 


49 


0.52240 





7460 


0.01 


yes 


vslf243 


18 


48 


06.14 


-29 


12 


44 


6 




19.1 





35 


1 


43 


0.45935 





7423 


0.08 


yes 


vsl7f249 


18 


48 


23.98 


-30 


25 


14 







19.1 





41 


1 


29 


0.47735 





7440 


0.02 


yes 


vs9f385 


18 


43 


29.01 


-29 


43 


01 


8 




18.9 





20 


2 


55 


0.47961 





7442 


0.09 


yes 


vs2f443 


18 


41 


59.37 


-30 


06 


23 


6 




19.1 





33 


1 


54 


0.46672 





7432 


0.02 


yes 


vslf524 


18 


39 


49.07 


-29 


29 


30 


2 




19.3 





27 


1 


78 


0.54114 





7461 


0.05 


yes 


vsl4f598 


18 


36 


34.95 


-27 


36 


40 


6 




19.7 





35 


1 


49 


0.54462 





7456 


0.07 


yes 


vs3f659 


18 


34 


53.71 


-28 


32 


48 


5 




19.7 





29 


1 


97 


0.47647 





7430 


0.05 


yes 


vs8fl05 


18 


52 


44.12 


-29 


39 


24 


1 




19.1 





16 


3 


19 


0.47942 





7439 


0.20 


yes 


vs2f266 


18 


47 


44.99 


-28 


18 


48 


1 




19.6 





21 


2 


38 


0.46990 





7436 


0.11 


no (AO) 


vs5f267 


18 


47 


23.95 


-28 


28 


45 


6 




18.9 





17 


2 


88 


0.48187 





7448 


0.15 


yes 


vsl2f466 


18 


41 


10.15 


-29 


04 


42 


5 




19.1 





16 


3 


00 


0.47537 





7432 


0.15 


no (AO) 


vsl3fl58 


18 


50 


36.45 


-29 


06 


58 







19.0 





10 


4 


47 


0.47258 





7438 


0.26 


yes 


vs3fl70 


18 


49 


42.00 


-25 


56 


57 


1 




20.2 





25 


2 


70 


0.48731 





7455 


0.29 


yes 


vs5f408 


18 


43 


08.95 


-28 


40 


02 


6 




19.1 





13 


4 


12 


0.47129 





7432 


0.28 


no (AO) 


vs5f468 


18 


41 


13.63 


-29 


32 


09 


6 




19.1 





12 


4 


09 


0.48087 





7445 


0.25 


no (AO) 


vs0f684 


18 


34 


44.91 


-27 


51 


38 


1 




19.0 





23 


1 


58 


0.46836 





7435 


0.23 


no (A01) 


vs9f356 


18 


44 


53.06 


-29 


33 


16 


1 




18.7 





14 


3 


11 


0.47159 





7434 


0.44 


no (A01) 


vs0f525 


18 


39 


53.39 


-29 


34 


51 


2 




19.2 





07 


7 


04 


0.45021 





7417 


0.43 


no (AO) 


vd4f61 


18 


31 


14.89 


-28 


14 


51 


3 


18.7 







25 


1 


52 


0.47203 





7441 


0.07 


yes 


vdlf63 


18 


31 


07.68 


-28 


29 


54 


2 


18.1 







19 


2 


74 


0.47793 





7440 


0.08 


yes 


vd0fl38 


18 


30 


00.81 


-32 


14 


25 


3 


18.3 







42 


1 


02 


0.47218 





7435 


0.02 


yes 


vdlfl76 


18 


27 


52.04 


-28 


46 


27 


1 


18.3 







32 


1 


31 


0.49083 





7443 


0.09 


yes 


vd9f228 


18 


25 


57.57 


-28 


05 


47 


5 


18.2 







41 





99 


0.45725 





7425 


0.10 


no (AO) 


vd2f263 


18 


25 


22.74 


-29 


24 


41 


7 


18.3 







42 


1 


34 


0.47374 





7434 


0.02 


yes 


vdl6f471 


18 


18 


33.38 


-31 


37 


54 


3 


18.2 







21 


2 


77 


0.47716 





7435 


0.07 


yes 


vd4fl01 


18 


30 


05.41 


-30 


24 


10 





18.0 







13 


4 


16 


0.47238 





7432 


0.16 


yes 


vd9fl85 


18 


27 


48.51 


-30 


32 


11 


1 


18.0 







20 


2 


18 


0.54381 





7459 


0.12 


yes 


vdl4f208 


18 


26 


29.60 


-29 


37 


52 





18.2 







43 


1 


46 


0.46635 





7433 


0.14 


yes 


vd8f687 


18 


11 


29.88 


-30 


00 


23 


6 


18.1 







11 


2 


93 


0.55626 





7464 


0.29 


yes 


vdlfl41 


18 


48 


41.74 


-27 


24 


38 


6 


17.6 







30 


1 


91 


0.47590 





7443 


0.03 


yes 


vd5fl52 


18 


28 


43.59 


-29 


31 


55 


5 


17.9 







37 


1 


68 


0.46495 





7432 


0.05 


yes 


vdllf353 


18 


22 


35.34 


-30 


31 


52 


3 


17.9 







25 


1 


47 


0.47361 





7441 


0.13 


yes 


vd21f689 


18 


11 


22.76 


-30 


33 


12 


7 


17.6 







09 


4 


38 


0.51433 





7453 


0.25 


yes 



Table 2. Same as Table [j] for Galactic RRd stars. 
Ident. QJ2000 <?J2qoo Bj B4415 Ap Ai/Ap Po P1/P0 Pf Method 1 



vs7f693 


18 


33 


56.78 


-29 


39 


11 


2 




17.0 





26 


1 


77 


0.45626 





7437 


0.04 


yes 


vslfl48 


18 


51 


06.00 


-27 


15 


02 


9 




17.1 





20 


2 


44 


0.54103 





7462 


0.24 


yes 


vsl3f417 


18 


42 


37.13 


-30 


23 


37 


3 




17.9 





29 


1 


87 


0.48769 





7447 


0.26 


no (A01) 


vsl4f440 


18 


41 


49.51 


-29 


31 


39 


7 




16.0 





11 


5 


15 


0.48187 





7447 


0.32 


no (AO) 


vsllfl58 


18 


50 


46.72 


-29 


09 


22 


8 




17.9 





52 


1 


18 


0.50367 





7451 


0.01 


yes 


vs7f54 


18 


•54 


46.05 


-30 


32 


51 


9 




17.5 





51 


2 


55 


0.43574 





7405 


0.05 


yes 


vd2f86 


18 


29 


54.97 


-27 


32 


14 


8 


16.6 







42 


1 


72 


0.55026 





7460 


0.13 


yes 


vd9f521 


18 


16 


54.04 


-30 


29 


51 


5 


14.7 







73 





82 


0.46157 





7424 


0.07 


no (AO) 


vd21f652 


18 


12 


22.92 


-28 


49 


34 


4 


16.8 







40 


1 


36 


0.47482 





7434 


0.06 


yes 


vdl5f747 


18 


09 


53.11 


-30 


50 


56 


3 


16.6 







42 


1 


49 


0.47632 





7444 


0.02 


yes 


vd20f737 


18 


09 


58.97 


-28 


52 


25 


5 


16.3 







18 


2 


05 


0.57766 





7456 


0.30 


no (AO) 


vd6f488 


18 


18 


07.38 


-29 


33 


01 


5 


15.3 







18 


2 


50 


0.47560 





7437 


0.33 


no (N) 


vd5f715 


18 


11 


09.59 


-30 


07 


20 


1 


16.5 







13 


2 


03 


0.55489 





7487 


0.38 


no (N) 
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Table 3. Same as Table [l] for RR Lyrae stars in Sgr with two closely spaced frequencies. Subscripts p and s refer to 
the primary and secondary pulsations respectively. 



Ident. 


OJ2000 


<5j2000 


Bj 


B4415 




A s /Ap 


Pp 


Ps/P p 


Pp 


type 


vs2f274 


18 47 37.05 


-29 50 50.7 




19.0 


0.28 


0.71 


0.29782 


1.0283 


0.01 


RRc 


vs4f335 


18 45 42.04 


-30 52 34.3 




19.0 


0.33 


0.39 


0.26455 


0.9601 


0.21 


RRc 


vs4f391 


18 44 09.83 


-30 48 31.5 




19.3 


0.26 


0.75 


0.29862 


0.9710 


0.05 


RRc 


vd8f264 


18 24 33.85 


-29 28 29.4 


18.2 




0.31 


0.68 


0.26556 


0.9981 


0.06 


RRc 


vd8f661 


18 12 39.07 


-30 28 13.9 


18.9 




0.36 


0.47 


0.26133 


0.9770 


0.17 


RRc 



Table 4. Same as Table || for Galactic RR Lyraes. 



Ident. 


Of J2000 


Sj2000 


Bj 


B4415 


Ap 


A s / Ap 


Pp 


Ps/Pp 


Pp 


type 


vs4fll4 


18 51 30.86 


-26 04 18.7 




18.2 


0.32 


0.28 


0.22685 


1.0074 


0.35 


RRc 


vs3fl46 


18 50 44.22 


-26 49 39.2 




18.1 


0.47 


0.45 


0.26258 


1.0151 


0.00 


RRc 


vdlf77 


18 31 38.39 


-31 19 14.2 


16.4 




0.35 


0.52 


0.29817 


0.9778 


0.05 


RRc 


vd25f234 


18 25 31.48 


-29 07 17.1 


13.9 




0.33 


0.67 


0.26223 


0.9824 


0.18 


RRc 


vd8f324 


18 23 02.84 


-30 14 34.2 


15.1 




0.65 


0.35 


0.25743 


1.0027 


0.18 


RRc 


vd25f670 


18 12 00.53 


-32 13 51.9 


15.2 




0.44 


0.59 


0.28959 


1.0193 


0.12 


RRc 


vd8f704 


18 11 19.24 


-27 55 06.6 


16.9 




0.41 


0.56 


0.27036 


0.9600 


0.19 


RRc 


vd9f754 


18 09 44.70 


-32 08 32.0 


16.8 




0.28 


0.82 


0.28066 


1.0263 


0.19 


RRc 



problem (3) in the search for RRd stars where we have 
more control because the period ratios are relatively well 
constrained. Fig.|| shows a typical example of a RRd star 
missed by the preceding method. Although the maximum 
amplitude occurs at f ma x = 3.9232d _1 , it is clear that 
the true frequency is rather i/q — 2.9232d _1 , a value that 
yields a more "classical" period ratio vq/v\ — 0.7425. 

We thus re-processed the whole variable star data-base 
in order to search for double-mode RR Lyrae stars, but 
this time we forced the period search between 0.33 d and 
0.44 d . This interval encompasses the range of primary pe- 
riods of all known RRds. A Fourier series with the pe- 
riodicity Pi was fitted to the light curve and the resid- 
ual relative to this fit was period searched in the range 
0.45 d < P <0.60 d . The fit to the residuals was then sub- 
tracted from the initial light curve and the procedure was 
repeated. We then calculated the reduced \ 2 about the 
resulting double Fourier series. 

In the following, we kept only those stars for which 
0.74^Pi/Po^0.75, corresponding to a range that is con- 
sidered ph ysical ly plausible b y ste llar pulsatio n mo dels 
(Cox et al. |l980j Kovacs et a .. 



199lj Bono et al. |1996[) . To 



select the double mode pulsating RR Lyraes we define the 
variable Xratio=x\lx\i where Xi and x\ are the reduced 
X 2 referring to the single-mode and double-mode fit re- 
spectively. All the variables for which the double-mode fit 
yields a better representation of the light curve (i.e. those 
with Proba(x > Xratio) < 50%) where inspected visu- 
ally. We simultaneously checked the single period and the 
double-mode fit in order not to spuriously select a variable 
with a true period outside the range searched as an RRd 
star. 

For completeness, we repeated the above-described pro- 
cedure by inverting the order of the period searches (Pq 



before Pi) in order to detect any eventual RRd with a 
higher amplitude in the fundamental mode relative to the 
first overtone mode. No additionnal RRd star was found 
this way, confirming that the first overtone mode is al- 
most always the primary pulsation. This method allowed 
detection of 16 additional RRd stars. 



3.2.3. Results 

The final sample contains two kinds of multiperiodic stars: 
RRd stars and RR Lyrae stars with two closely spaced fre- 
quencies. No attempt was made to detect RR Lyrae vari- 
ables implying long time effects (e.g. Blazkho variables or 
period changes), because of our too short time span for 
these kinds of detections. Nor did we search for more than 
two periods because of the limited accuracy of our pho- 
tometry. 

We found 53 RRd stars (40 in Sgr and 13 in the Galaxy), 
which are presented in Table [l] and ||. The first column 
is the star identifier, columns 2 and 3 are the equato- 
rial coordinates. The apparent magnitude of each star is 
shown in column 4 (DUO) or 5 (SAG). Columns 6 and 
7 are the amplitude (in Bj band for DUO and B4415 for 
SAG) of the fundamental mode pulsation, and amplitude 
ratio respectively. Columns 8 and 9 are the periods and 
period ratios. Column 10 represents the probability that 
the Xratio occured by chance if it were following a Fisher- 
Snedecor distribution. Although this is not true because 
of the non-gaussianity of the errors, it is still indicative 
of the strength of the detection. In the last column, we 
indicate whether the RRd star has been detected through 
the first method or not, and in the latter case, why it was 
missed (AO: fundamental period aliased, Al: first overtone 
period aliased, N: periodogram too noisy - i.e. Sj < 8). A 
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Fig. 3. Left panels: a typical RRd star. The panels represent from top to bottom: spectral window, periodogram 
after successive subtraction of the main pulsation, and decomposition of the lightcurve. Right panels: Same as before 
for a RR Lyrae star with two closely spaced frequencies. 



typical RRd star is presented in Fig.|] (left panels). 

In addition to the RRd stars, we found 13 RR Lyrae 
stars with two closely spaced frequencies (5 in Sgr and 8 
in the Galaxy). These stars are presented in Table |3| (Sgr) 
and [| (Galaxy). A typical detection is presented in Fig.[| 
(right panels). Similar detections have been performed 
in M55 (Olech et al. |l999al), M 5 (Olech et al. |1999b| ), 
the LMC (Alco ck et al. |2000b[) and the Galactic Bulge 
(Moskalik pOOOl) . 

Finding charts of all the detected multiperiodic RR 



Lyraes are presented in Fig.^. North is up, East is left, 
and each box is 36"on a side. Light curves are available 
from the author upon request. 

4. Period distributions 

4.1. Single-mode RR Lyrae stars 

The mean periods of RR Lyrae stars in Sgr are 
0.574 d ±0.002 and 0.322 d ±0.002 for RRab and RRc stars 
respectively. This can be compared to the mean periods 



P. Cseresnjes: RR Lyrae stars in the Sagittarius dwarf galaxy: Period analysis 



7 



pt 1 ■ m ■ 
tdl77* 



vdqt>38 .'v£j11f?i63 vd14f208 *d15f747 yd16?471 yd 111*1* vd1f176. \tfl1f63'" ""yd 

WP- W,- T 1 ;* £\ •T' - A- t'T* 

Vd20f7SZ -vd2>1#952 vd2ifB89' vd25f234 ^d25'f670 vtf 21263 ■ vd2f86 ^dlllOlj vd4f61 
■vd|tl52' Ml^f715- WjBt4B8' ,vd8f264 ^d8f3^4n ( v^8^1f, rf vl6f6o^: 'vd8f7# vd'9f185^ 



9 . 1 k-1 

* • .1- ■ 1 

vd9f228 


vd9f5aifc 


; * 

' vd» 


■ ■ ~ 

I'- 

754 


-i J 

vs0f52B. 


I 

- 

— i 
vsOl 


. t - 
6*84 


] 

Vs10f77 


: 4- 

vs13f417 


.+ 

vs14f440 


vs14 


| 

f598 


vs17f249 


— I 
V5J1 


i— ■ 

1487 


■ 

i 

VS11 


1 

1 ; 

• 

242 


i 

■p 

vs21 


1 * 
266 


— L* 

vs2f274 


' — • 

■ .1" " 
.*t 

vs2f443 


■ 

- 

vs2 


• 
* 

f99 ■ 


■ 

. vs31 


i 

146 


4, 

' vs31 


1.70 


' -X* 

J 

vs4f335 


• ■ 

vs4f391 


l 
i 

vs4 


4 

" 1 

■ 

■ 

f75 


■ 

1 vs5l 


• * 

267 


M ** * li * ♦ 

V 1 

FT 

vs5f4«8 


• ■■ — 
- 

vs51 


t > 

468 


* 

vs§1 


105 


vs91 


■ 

356 


vs9f385 





■ — #— 



161 ■' vs7f54 . ^s7f693 



Fig. 4. Finding charts for multiperiodic RR Lyrae stars in Sgr and the Galactic Centre. Each finding chart is 36 "on 
a side. North is oriented up and East is left. 



found in Ool (0.55 d and 0.32 d ) and OoII (0.65 d and 0.37 d ) 
groups. Sgr is thus to be classified in the Ool group. This is 
not common for Dsph galaxies, which are usually located 
in the intermediate region of the Oostcrhoff dichotomy. 
Table || presents the mean periods of RR Lyrae stars in 
an Ool type globular cluster (M3), an OoII type cluster 
(M15), in the Galactic Centre and in all the Milky Way 
satellites with a well-studied RR Lyrae population. The 
LMC RR Lyrae stars have been extracted from photo- 
graphic plate time series of the first EROS season whereas 
sources for all the other systems are listed in the caption 
of Table |. 

The RR Lyrae stars in Sgr present the shortest av- 
erage periods among all the dwarf galaxies, but slightly 
longer than the Ool globular cluster M3 and the Galactic 



Centre. Indeed, these values are rather close to those found 
in the Large Magellanic Cloud ((P a6 )=0.582 d ±0.001 and 
(P c )=0.325 d ±0.001). The similarity between Sgr and the 
LMC is even more striking when one considers the period 
distributions of the RR Lyraes. The period distributions 
of RR Lyrae stars in the Galactic Centre and in different 
dwarf galaxies are shown in FigJE] and are compared to 
that of Sgr in Fig.|[ The coefficients of correlation between 
all these histograms and the period distribution in Sgr are 
shown in column 7 of Table ||. As expected, the highest 
correlation is reached for the LMC0 where r = 0.96. 
Since the correlation coefficient r measures the linearity 



3 For the correlation between Sgr and the LMC we excluded 
the bins P G [0.32 d , 0.34 d ] and P G [0.48 d , 0.50 d ] because of 
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Table 5. Mean periods of RR Lyrae stars in dwarf galaxies 
of the local group. RR Lyrae data are taken from (Draco) 
Nemec ( [L985D, (Ur sa Minor) Nemec et al. fll988| ), ( Carina ) 
Saha et al. ( |l986| ), (Leo I I) Sie gel & Majewski ( |200(i| ), 
(Sculptor) Kaluzny et al. (1995), (Sextans) Mateo et al. 
(|l995|), (SMC) Smit h et al. ( [1992D and Gr aham (|l97§), 
Caretta et al. ( |199Sj ), Silbermann & Smith dl995| ). 



System 



[Fe/H] {P ab ) 



0~a I, 



M3 

M15 

Draco 

Ursa Minor 

Carina 

Leo II 

Sculptor 

Sextans 

SMC (RRLyr) 

LMC (RRLyr) 

Sgr 

Galactic Centre 



-1.7 
-2.2 
-2.0 
-2.2 
-2.0 
-1.9 
-1.8 
-1.7 
-1.7 
-1.6 
-1.6 



0.558 
0.641 
0.614 
0.638 
0.620 
0.619 
0.587 
0.606 
0.588 
0.582 
0.574 
0.548 



0.008 
0.013 
0.004 
0.009 
0.006 
0.006 
0.007 
0.010 
0.006 
0.001 
0.002 
0.002 



0.344 
0.359 
0.351 
0.375 
0.366 
0.363 
0.337 
0.355 
0.380 
0.325 
0.322 
0.305 



0.019 
0.008 
0.012 
0.011 
0.015 
0.008 
0.005 
0.024 
0.008 
0.001 
0.002 
0.002 



0.87 
0.15 
0.67 
0.16 
0.51 
0.62 
0.67 
0.78 
0.81 
0.96 
1.00 
0.86 



-24.0 

1068.5 

-48.9 

-63.0 

-60.8 

-42.9 

-46.7 

-44.6 

-34.5 

-19.0 

-28.3 




Period (day) 

Fig. 5. Period distribution of the RR Lyraes detected in 
various systems. The dark regions indicate the location of 
the RRd variables (1st overtone period). 
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Fig. 6. Cumulative distributions of RR Lyrae periods in 
the Ool globular cluster M3 and all satellites of the Milky 
Way with a well studied RR Lyrae population. The solid 
line refers to Sgr whereas the dotted line corresponds 
to the system indicated in each panel. Left (resp. right) 
curves correspond to RRc stars (resp. RRab stars). 



between two distributions, it is sensitive to the shape of 
the distributions, but not to shifts (i.e. two identical dis- 
tributions shifted one with respect to the other would have 
r = 1.00). We thus performed another test, adapted from 
maximum likelihood statistics, and which is more sensi- 
tive to shifts. First, each period histogram is normalized 
to that of Sgr. We then calculate the values p s ~ SJogp^ 
where pi corresponds to the probability of finding the 
number of stars observed in the i th bin if the parent distri- 
bution was identical to the period histogram of Sgr. The 
results are shown in column 8 of Table [| The highest p s 
value is reached by the LMC, confirming that the period 
distributions in Sgr and the LMC are the most similar. 

The RR Lyrae samples in Sgr and the LMC are large 
(~1 700 in Sgr and ~6 500 in the LMC), making the resem- 
blance between these two systems significant. This resem- 



poor phase coverage for the EROS stars in these period ranges 
caused by the nearly daily sampling of the light curves 



P. Cseresnjes: RR Lyrae stars in the Sagittarius dwarf galaxy: Period analysis 



9 




Table 6. Summary of RRd stars detected to date. 
Mctallicities are taken from Mateo (|1998|) for dwarf 
galaxies and from Harris 



Fig. 7. Petersen diagram for all the published RRd. In 
the upper left panel, the dotted lines correspond to the 
metallicity for a specific model of RRd star (see text). 
From top to bottom [Fe/H]=-1.8, -1.5 and -1.3 dex. In 
the lower left panel, asterisks are RRd stars presented in 
the literature whereas heavy dots correspond to RRd stars 
presented in this paper. 

blance is even more striking when one considers that no 
two other dwarf galaxies have similar period distributions. 
Note however that the two distributions arc not identical, 
this being excluded at the 99% level by a KS test. 

4.2. Double-mode RR Lyrae stars 

Table ^ summarizes the average periods of RRd stars in 
all the systems known to harbor this kind of variable. 
Again, the LMC and Sgr show a remarkable similarity in 
the mean periods of their RRd star population. In Fig. [7] 
we present the distributions of all the published RRd stars 
in the Petersen diagram. The cluster RRd variables and 
those of the Draco Dsph galaxy occupy two distinct re- 
gions, reproducing the Oosterhoff dichotomy. This is no 
more the case for RRd stars in Sgr, in the LMC and in 
the Galactic Centre. These latter stars are distributed on 
a strip across the diagram. These distributions can be ex- 
plained either by a metallicity spread, a mass spread or a 



combination of both (Kovacs 2000). A metallicity spread 
in the RRd population of the LMC has already been con- 
firmed by spectroscopic measurements (Clementini et al. 
200C, Bragaglia et al. 2001) and it is likely that the same 
applies to Sgr. 

To compare further, we transformed the Petersen di- 
agrams into density maps and calculated the correlation 
between all these distributions. The results are shown in 
column 6 of Table |[ The correlation between the LMC 



( P-998Q 
for globular clusters. 



(P.996D 

Informations on RRd stars are taken from IC4499: Walker 
& Ne mec fll996| ), M3: Nemec & Clement fll989| ), Corwin 
et al. ( pJ99| 7NGC2419 and N GC64 26: Clement & Neme c 
( |i990| ), M68: Clement et al ( p93| ), M15: Nemec (^985)), 
Draco Dsph: Nemec (1985), Sculptor: Kaluzny et al. 
( |i995| ), LMC: Alcock et al. ( pOOObj ) , MW : Clement et al 
Garcia-Melendo 



( p9l|) 
al. ( pOOOD 



Clement (1997), Clementini et 



System 


[Fe/H] 


N(RRd) 


{p HH d) 


{p HH d) 


r 


IC4499 


-1.5 


17 


0.481 


0.358 


0.44 


M3 


-1.7 


5 


0.481 


0.359 


0.22 


NGC 2419 


-2.1 


1 


0.546 


0.407 




M68 


-2.1 


8 


0.531 


0.396 


-0.02 


M15 


-2.2 


12 


0.541 


0.404 


0.13 


NGC 6426 


-2.2 


1 


0.542 


0.404 




Draco Dsph 


-2.0 


10 


0.540 


0.403 


0.15 


Sculptor 


-1.8 


1 


7 


0.404 




LMC 


-1.7 


181 


0.485 


0.361 


0.77 


Sgr 


-1.1 


40 


0.487 


0.362 


1.00 


MW 




18 


0.504 


0.376 


0.54 



and Sgr is r=0.77, which is not as good as the correlation 
between the single-mode RR Lyrae period distributions, 
but differences in the completeness between samples may 
affect the comparison. 



5. Period-Amplitude diagram 

The period-amplitude diagram is presented in Fig.||a. To 
construct this figure, we considered only the SAG field, 
which has a more precise photometry than DUO, result- 
ing in a higher accuracy of the amplitudes. As will be 
shown in Sect. 7, the RR Lyrae population is homoge- 
neous over the field and there is therefore no loss of gen- 
erality by restricting ourself to SAG. We rescaled the am- 
plitudes in SAG to the V amplitude from the relation 
A v = 0.93(±0.17)A 44 i5 - 0.05(±0.16), inferred from 15 
RR Lyrae stars in common with those detected by Layden 
& Sarajedini ( |2000| ) near M54. 

The distribution of RRab stars in Fig.||a presents a high 
dispersion but is preferentially clumped around the ridge 
line of the globular cluster M3, confirming that this pop- 
ulation is related to the Ool group. However, the distri- 
bution is skewed toward the ridge line of the OoII cluster 
member M9, suggesting the presence of a metal-poor sub- 
population within the RR Lyrae population. The RRab 
population is dominated by low-amplitude stars with a 
ratio N(A V > 1.0mag)/N(A v < 1.0mag)=0.55. The RR 
Lyrae population is thus dominated by RRb stars, indica- 
tive of a red horizontal branch morphology. 

Remarkably, the same features are apparent in the 



period-amplit ude di agram of the LMC (Alcock et al. 1996 
Alcock et al. [2000a ), providing new evidence of the sim- 
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Fig. 8. Panel a: period/amplitude diagram of the RR 
Lyrae stars in Sgr. Dots represent stars detected in SAG 
and triangle are double-mode RR Lyraes. Also shown are 
the fiducial lines of M3 (Ool group) and M9 (OoII group). 
Panel b: Mctallicity estimate from the period-amplitude- 
metallicity relation. The dotted line represents the best 
Gaussian fit, whose relation is given in the upper right 
corner of the panel. 

ilarity of the RR Lyrae populations between these two 
galaxies. 

6. Metallicity estimate of the RR Lyrae 
population 

6.1. Period-Metallicity relations 

Some indication on the metallicity of the RR Lyrae popu- 
lation in Sgr can be inferred from its period distribution. 
In a study of cluster and field RR Lyr ae sta rs spanning 
a wide range of metallicities, Sandage ( 1993 ) related the 
average periods of RR Lyrae stars to their metallicities: 



[Fe/H] zw = (-log(Pah) - 0.389)/0.092 
[Fe/H] zw = (-log(P c ) - 0.670)/0.119 



(2) 
(3) 



where (P a b) and (P c ) are the average periods of RRab and 
RRc stars respectively. Although these relations were de- 
rived from cluster and field RR Lyraes, Siegel & Majewski 
(2000, their Fig. 6) showed that RR Lyrae populations in 
Dsph followed the same relation. Applying Eqs.|| and || 
to Sgr yields an average metallicity of [Fe/H]=— 1.61 and 
— 1.49dex respectively. 

The location of the blue and red fundamental edge of 
the instability strip are functions of metallicity. The short- 
est and longest period RR Lyraes are thus indicative of the 



metallicity boundaries of the RR Lyrae population which 
are given as (Sandage 1993): 



[Fe/H] z - (max) 



Jzw 



-log(i? 



nun \ 
b ) 



0.500]/0.122-0.2 (4) 



[Fe/H]zw (min) = [-los(PT*) ~ 0.280]/0.090 - 0.2 (5) 

where P^ m and P£ b lax are the minimum and maximum 
periods of RRab stars respectively. We added the constant 
terms in Eqs.^ an d p| in order to rescale the metallicity to 
the Zinn & West (1984) scale, whose zero point is ^0.2dex 



more metal-p oor t han the Butler & Blanco metallicity 
scale (Blanco 1992 ) on which these equations are based. 
The shortest RRab period is 0.41531 d , yielding an upper 
limit of [Fe/H] = — 1.1 7dex, whereas the longest period of 
0.84400 d implies a lower limit of [Fe/H]=-2.49dex. These 
values suggest a considerable spread in the metallicity of 
the RR Lyrae population. 

6.2. Period-Amplitude-Metallicity relation 

Alcock et al. ( [2000a ) provide a period-amplitude- 
metallicity relation calibrated with high-quality V-band 
light curves of RR Lyrae stars in several globular clusters: 



[Fe/H] 



.851og(P a fc + 0.15 Ay) - 2.60 



(6) 



where Ay is the amplitude in the V-band. The resulting 
metallicity distribution of Sgr RRab member stars is pre- 
sented in Fig.|§|b. The peak-value is at [Fe/H]~ — 1.65dex, 
close to the estimate inferred from the Sandage relations. 
This is also similar to the value found in the LMC with 
the same relation ([Fe/H]~ —1.6; Alcock ct al. 2000a ). 
The best Gaussian fit to the metallicity distribution 

1 ( x + 1.65 \ 2 p, 

is given by y oc e 2 V oi J , As can be seen in FigJ8p, 
this function fits the distribution relatively well, except 
for [Fe/H] < — 2.0dex where the presence of a significant 
metal-poor subpopulation is apparent. 



6.3. Petersen diagram 

The strong metallicity spread in the RR Lyrae population 
seems confirmed by the distribution of RRd stars in the 
Petersen diagram, although a dispersion in the star masses 
could also be responsible for the spread. The dotted lines 
in Fig.^ represent metallicities for a specific model of RRd 
with a mass of 0.75 M Q , a luminosity log(L/L Q )=1.72, 
a hydrogen abundance X=0.76 and an effective tempera- 
ture of 6900, 6800 and 6700K for [Fe/H]=1.3, -1.5 and -1.8 
dex respectively. This model has been taken from Kovacs 
( 2000| ) . The positions of the RRd stars are in good agree- 
ment with the above estimate of mean metallicity and 
metallicity spread of the RR Lyrae population. 

A clump of RRd stars is apparent in Fig.|^ at [Fe/H] < 
— 1 . 8dex, suggesting the presence of a minor but significant 
population of low metallicity and/or high mass RR Lyraes. 
The loci of the long period RRd stars in the Petersen di- 
agram is similar to those found in OoII systems. Table |] 
summarizes all the systems with known RRd pulsators. 
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One sees that all these OoII systems have a metallicity 
within —2.0 and — 2.2dex, supporting the assumption that 
a fraction of RR Lyrae stars in Sgr has this abundance. 

The existence of a very low metallicity population 
in Sgr has been suggested by Bellazzini et al. (1999a, 



.(a) 



the CMD that could represent a very blue horizontal 
branch. Furthermore, in a period-amplitude diagram of 
RR Lyrae stars towards the globular cluster M54, Layden 
& Sarajedini ( 20001 ) noted that a fraction of RR Lyrae 
stars could be consistent with a contamination by Sgr field 
stars of metallicity [Fe/H] = — 2.1dex. 



7. Homogeneity of the RR Lyrae population over 
the field 

Several authors claim having detected a metallicity 
gradient in the stellar population of Sgr, the centre being 
more metal-rich than the outer regions. This finding is 
based on the redder morphology of the Red Giant Branch 
and the Horizontal Branch at the centre of Sgr relative 
to the outer regions (Marconi et al. 1998, Bellazzini et al. 



1999b, Alard 2001). If confirmed, this feature would be 



in concordance with observations of other dwarf galaxies 



(e.g. Saviane et al. 2001 and references therein). We now 
question whether such a gradient is apparent in the RR 
Lyrae population. 

Any metallicity gradient would translate into a gradi- 
ent in the mean period of RRab stars. FigJ|a presents 
the mean period of RRab stars in Sgr (solid line) as 
a function of distance from M54 projected onto the 
main axis^. Each bin size has been adapted in order 
to contain the same number of RRab stars. A linear 
least square fit through these points yields a slope of 
d((P ab ))/dX = 0.0002(±0.0004). From Eq.g it results 
in a metallicity difference <0.1dex between the two 
extremities of the field. Clearly, there is no significant 
metallicity gradient in the RR Lyrae population of Sgr. 
For comparison, we present in Fig.^a the average period 
of Galactic RRab as a function of latitude (dotted line), 
where the period dependence as a function of position is 
evident. 

To test the homogeneity further, we divided the 
RRab catalogue into two subsamples around the median 
distance from M54 and compared the period distributions 
(Fig|^b). A KS test shows that the two histograms 
are drawn from the same parent distribution with a 
probability of 82%, suggesting a similar horizontal branch 
morphology in the two subsamples. 

Finally, in Fig.^c we compare the spatial distributions 
of the 250 longest and shortest period RRab variables. 
The KS test yields a probability of 88% for the two his- 
tograms to be issued from the same parent distribution. 
This definitely excludes any modification of the period 
distribution with position. Thus, unless a metallicity 
gradient and the second parameter effect conspire to 



J* 0.56 

Cm 



I i i i — *- 



'1 * f 



I 



1999b) who detected a star count excess in a region of 0.52 



degrees 




We assume a position angle of 108.6° for Sgr. 



Fig. 9. Panel a: average period of RRab stars as a func- 
tion of position. Filled circles correspond to RRab vari- 
ables in Sgr and a distance (X) from M54 projected onto 
the main axis (upper labels). Open circles are average pe- 
riods of Galactic RRab and are plotted as a function of 
Galactic latitude (lower labels). Panel b: Normalized pe- 
riod histograms of RRab stars. The solid line correspond 
to RRab stars with X<5° whereas the dotted line corre- 
spond to RRabs with X>5°. Panel c: Normalized his- 
tograms of X for the 250 shortest period (solid line) and 
longest period (dotted line) RRab variables in Sgr. 

keep the horizontal branch morphology constant over the 
field, the RR Lyrae population should be homogeneous 
in the main body of Sgr. Furthermore, if the metallicity 
gradient was confirmed, this may indicate that the RR 
Lyrae population is not associated to the prominent red 
horizontal branch which is apparent in the CMDs of Sgr. 



8. Estimation of the number of RR Lyrae stars in 
Sgr 

Using the results from paper I, it is possible to estimate 
the total number of RRab stars in Sgr. The best fit to 
the core of Sgr corresponds to an exponential with a 
scale- length of 4.1° on the main axis and a central density 
of 139 RRab per square degree. Assuming an axis ratio of 
3:1 (Ibata et al. |1995[ ), we get -4 200 RRab in the main 
body of Sgr. This estimate is only a lower limit for Sgr 
since we did not consider the nearly flat profile in the 
outer region of the main body (Paper I). Irwin ( 1999 ) 
estimated that Sgr lost 50% of its mass through tidal 
stripping. This implies that the number of RRab stars 
associated with Sgr could be as high as —8 400. 

Provided RRab stars are good tracers of light in Sgr, 
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Fig. 10. Luminosity-metallicity relation for Dsph of th e 
Local group. Data have been taken from Mateo ( |l998|) . 
The dashed line corresponds to the best fit to the data 
points. The filled circle corresponds to the estimated lu- 
minosity of Sgr if this galaxy had lost 50% of its mass 
since its formation. The open triangle represents the first 
luminosity estimate of this galaxy (Ibata et al 1995 ). The 
vertical dotted line (shifted by 0.02dex for clar ity) e ncom- 
passes the different estimates of Mateo et al. (1998). 



we can estimate a lower limit to the total luminosity of 
this galaxy using the lu minosity function (LF) published 
by Mateo et al. ( 1995 ). Their LF is complete down to 
My~4.5 mag. For fainter magnitudes we e xtend the LF 
with the Bulge LF (Holtzman et al. |l998[) . This should 
not significantly alter the result since most of the light 
is emitted by brighter stars. The field of Mateo et al. 
contains five RRab stars. Rescaling the RRab number 
density to the integrated luminosity and assuming a 
distance modulus of (m-M)o=17.0 to Sgr yields —4.9 
mag per RRab. It results that M v (Sgr) < ~l3.9t° A 6 
mag, where the uncertainties represent the poissonian 
uncertainty in the RRab counts. Again, if we assume 50% 
mass loss, the total magnitude of Sgr before stripping 
would be ~ — 14.7mag. 

Previous estimates have continuously increased the 
luminosity of Sgr as new extensions of this galaxy were 
discovered, with estimations ranging from My ~ —13.0 

(Ibata et al. |1995| ) to M v 14.6mag (Mateo et al. |199Sp . 

Our estimation seems to favor the higher luminosity of 
Sgr. The metallicity of the dominant population in Sg r 
is estimated to be [Fe/H]~ — l.ldex (Mateo et al. 1995|) . 
An absolute luminosity of ~ —14.7 mag for Sgr would 
be consistent with the empirical magnitudc-metallicity 
relationship for Dsph galaxies, as shown in Fig.|io|. 



9. Summary and conclusion 

We summarize our results below: 

1. The average period of RR Lyrae stars in Sgr places this 
galaxy in the long period tail of the Oosterhoff I group. 

2. We found 53 double-mode RR Lyraes (40 in Sgr and 
13 in the Galaxy), and 13 RR Lyrae stars with two 
closely spaced pulsation frequencies (5 in Sgr and 8 
in the Galaxy). The multi-periodic RR Lyraes in Sgr 
are the first such stars ever discovered in this galaxy 
whereas the 13 foreground RRds increase the number 
of known Galactic RRd stars to 18. 

3. The period and amplitude distributions of the RR 
Lyrae population in Sgr suggest an average metallicity 
of ^ — 1.6dex, with a contribution of a minor but per- 
ceptible population at [Fe/H] <— 2.0dex. Furthermore, 
together with the period distribution of RRd stars, 
there seems to be a large metallicity spread within 
the RR Lyrae population. 

4. We find no significant variation of the period dis- 
tribution over our field, suggesting a homogeneous 
population. There is therefore no evidence of a metal- 
licity gradient in the RR Lyrae population. This result 
is in contradiction with claims of a metallicity gradient 
within the main body of Sgr, unless the RR Lyrae pop- 
ulation is not directly related to the other populations. 

5. We find a striking similarity between the RR Lyrae 
populations in Sgr and the LMC. This similarity is 
based on comparisons of the period distributions, the 
period-amplitude diagram, and, to a lesser extent, the 
period distributions of RRd stars. 

6. We estimate the total number of RRab stars to be 
~4200 in the main body of Sgr. If Sgr has lost 50% 
of its mass since its formation, the total number of 
RRab stars associated with Sgr would be ^8 400. If 
RRab stars trace light, the above estimates would cor- 
respond to an integrated V-magnitude of — 13.9mag for 
the main body, and — 14.7mag for the whole system. 

The stellar population of Sgr has a high metallicity dis- 
persion. This was first suggested from interpretation of 



the Color-Magnitude diagram of Sgr (Marconi et al. 1998 



Bcllazzini et al. 1999a) and later confirmed by spectro- 
scopic observations with values ranging from — 1.4dex up 
to solar abundance (Smecker-Hane & McWilliam 1999, 
Bonifacio |200C| ). It seems that the RR Lyrae popula- 
tion also presents a high dispersion of ^ldex around 
[Fe/H]~ —1.6, suggesting that the early star-formation 
process in Sgr was complex. Sgr could thus have formed 
on a large scale with star bursts occuring in several gaseous 
clumps of different metallicities. Another scenario would 
be a continuous star formation with progressive metal en- 
richment. 
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The similarity of RR Lyrae populations between Sgr 
and the LMC is indicative of similar horizontal branch 
morphologies. This similarity implies that the parame- 
ter^) driving the HB morphology are similar in both 
systems. Furthermore, since RR Lyraes represent the old 
metal-weak population of these systems, this result sug- 
gests that the LMC and Sgr formed at the same epoch 
and in a similar environment with respect to the metal 
abundance. It is thus tempting to speculate that Sgr and 
the LMC had a common progenitor. In this picture, Sgr 
could correspond to a piece of the LMC pulled out during 
a collision with the Galaxy. Such a scenario could help to 
explain how a galaxy with an old stellar population can 
be observed on such a low orbit without being completely 
disrupted through Galactic tides. 
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